Few studies have examined the respiratory ees of multiyea ozone exposures in human populations. We eamined assoiations between current respiratory health status and long-term ozone exposure histories in 520 Yale College (New Haven, CT) students who never smoked. Questionnaires addressed current respiratory symptoms, respiratory disease history, residential history, and other factors. The symptoms ofcough, phlegm, wheeze apart from colds, and a composite respiratory smptom index (RSI) were selected as outcome measurs. Forced vital capacty (FVC), forced expiratory volume in l sec (FEV1), forced expiratory flow rate between 25 and 75% of FVC (FEF2%75), and forced expiratory flow rate at 75% of FVC (FEF75) were obtained by forced expiration into spirometers. Ozone exosure was treated as a dichotomous variable, where subjects were assigned to the high-exposure group if they lived for 4 or more year in a U.S. county with 10-year average summer-season daily 1-hr maximum ozone levels . 80 ppb.
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The acute respiratory health effects of ozone are well documented and indude diminished lung function and increased airway reactivity, symptoms of cough, and pulmonary inflammation (1) (2) (3) . However, the public health significance of these short-term reversible effects remains uncertain. Of greater concern would be persistent changes in pulmonary structure or function that develop over many years of ozone exposure. Long-term animal studies have observed morphological changes consistent with early stages of fibrosis at the bronchiolar/alveolar junction in the deep lung-changes that mimic those observed in autopsies of young cigarette smokers (4) (5) (6) . Whether similar changes occur in humans exposed repeatedly over long periods to ambient ozone concentrations is a major remaining uncertainty regarding ozone health effects (7) .
Several epidemiologic studies have attempted to assess the respiratory effects of long-term ozone exposures, with variable results. Two early studies conducted in California found little evidence for differences in lung function or respiratory symptoms in adults living in two areas with contrasting ozone levels (8, 9) . A subsequent and substantially larger California study detected reduced lung function and elevated respiratory symptoms among adults aged 25-39 years living in Glendora (high ozone and other pollutants) as compared to Lancaster (low ozone) (1J). Evidence for cross-sectional differences in lung function associated with local ozone concentrations was also observed in a study of 1,005 persons 6-24 years of age from 60 U.S. communities from the second National Health and Nutrition Examination Survey (NHANES II) (11) . Two recent college-based pilot studies found associations between diminished current lung function and retrospectively estimated long-term ozone exposures in young adults (12, 13) .
College-based cohorts offer several advantages for studies addressing the respiratory health impacts of long-term ozone exposures. Many colleges draw large and geographically diverse student populations, which bring with them broad air pollution exposure histories. Ozone concentration profiles can be estimated in most parts of the United States back to the late 1970s using available computerized monitoring data-a period spanning the entire lifetimes of students entering college from the mid 1990s onward. Residential histories, activity patterns, and occupational histories are less complicated in young adults than in older subjects, thus simplifying the task of exposure assessment. Finally, the fact that students congregate in one location to attend college simplifies the logistics of collecting questionnaire and health data in a population with diverse residential histories.
We report results from the first year of a 3-year study designed to examine associations between respiratory health status (lung function and chronic respiratory symptoms) in college freshmen and individual long-term estimates of prior ozone exposures, controlling for age, sex, race, exposure to environmental tobacco smoke, and other factors.
Methods
Recruitment and measurement protocol In the first year of a 3-year study at Yale College (New Haven, CT), 623 freshman students were recruited and measured during the 1995 (14) . Symptoms induded cough ("Do you usually have a cough?"), phlegm ("Do you usually bring up phlegm from your chest?"), and wheeze ("Does your chest ever sound wheezy or whistling occasionally apart from colds?"). In addition to these individual symptoms, we constructed a composite respiratory symptom index (RSI) variable that was assigned a value of 1 1- hr maximum values for each monitoring site. These were then averaged over the months of June, July, and August over all 10 years to yield a single measure of long-term ozone levels at each monitoring site. If only one monitoring site was located in a county, the 10-year average summer month value for that monitoring site was used to describe the county. If more then one site was located in a county, the average of all the monitoring sites was used to represent the county. Our ozone exposure data set was limited to the years [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] because those data were readily available from a previous study and were considered adequate to estimate long-term average concentrations over the 18-year life spans of study subjects.
Ozone exposure was assessed for the purposes of this report as a dichotomous variable by identifying individuals (based on residential histories) who had lived at any time for at least 4 years in U.S. counties with average summer concentrations . 80 ppb. Subjects satisfying this criterion were assigned to the high-exposure class. Those not satisfying this criterion were assigned to the low-exposure class 
Results
Of the 520 subjects who never smoked analyzed here, 262 were female (50.4%) and 258 were male (49.6%). Sixty-five subjects (12.5%) were assigned to the high ozone exposure category based on having lived for at least 4 years in U.S. counties with 10-year average summer-season daily 1-hr maximum concentrations 2 80 ppb. The percentages of subjects assigned to high exposure did not differ by gender (12.6% for females; 12.4% for males). Fifty-six percent of subjects were white (n = 293), 20% were Asian (n = 104), 11% were black (n = 56), 6% were Hispanic (n = 32), and 7% reported other races (n = 35). Unadjusted respiratory symptom and disease frequencies are shown in Table 3 . Overall, cough, phlegm, and wheezing apart from colds were reported in 3.1, 10.4, and 21.5% of subjects, respectively. Thirty percent of the subjects answered yes on at least one of these symptoms (i.e., RSI = 1). Doctor diagnosis of asthma at any time was reported in 16.2% of subjects. Respiratory symptom rates were similar in males and females. However, the prevalence of an asthma diagnosis by a doctor was higher in males (17.4%) than in females (14.7%). Among subjects exposed to high ozone levels, respiratory symptom rates were generally elevated. For example, the RSI rate was 41.5% among ozone-exposed subjects as compared to 28.0% among subjects not exposed.
Odds ratios comparing respiratory symptoms across ozone strata, adjusting for covariates, are displayed in Table 4 . Odds ratios were > 1.0 for phlegm, wheeze, and RSI, indicating increased rates of respiratory symptoms among subjects with elevated long-term ozone exposures, controlling for covariates. These associations were statistically significant for wheezing apart from colds ( slightly lower (1.79) and not statistically significant. As shown in Table 3 , 16.2% of subjects reported having been diagnosed with asthma by a doctor. These subjects reported substantially more respiratory symptoms than did nonasthmatic subjects. For example, RSI prevalence among asthmatics was 66.7%, whereas among nonasthmatics it was 22.9%. To examine whether the ozone results reported above were influenced by the inclusion of asthmatic subjects, we repeated the analysis of respiratory symptoms and ozone after excluding asthmatics. The odds ratios for ozone exposure were essentially unchanged (data not shown).
Discussion
We detected associations between respiratory health indicators and long-term ozone exposures in data from the first year of a multiyear study of respiratory health among students at Yale College. Mean levels of the lung function parameters FEVI and FEF25-75 were significantly lower in a subgroup of subjects who had previously lived in areas with elevated long-term ozone concentrations, controlling for important covariates. In addition, the high-exposure group had a higher prevalence of respiratory symptoms of wheeze apart from colds and of a composite chronic symptom index, RSI. These results support the hypothesis that long-term exposures to ambient ozone and associated copollutants result in adverse respiratory health outcomes in young adults.
Our results are qualitatively similar to results from previous studies that differed in design from the present study. Detels and associates (16) found decreases in FVC, FEVI, and FEF25-75, and elevations in respiratory symptoms, in 5,561 subjects 25-39 years of age exposed to high levels of oxidants, nitrogen dioxide (NO2), and sulfates in southern California. Exposure classification was based on residence at the time of data collection in one of two communities aFrequencies too low for gender comparisons. that differed in air pollution profiles, rather than on individual long-term exposure estimates as in the present study. Schwartz (11) reported highly significant relationships between FVC, FEV1, and peak expiratory flow rate and ozone concentrations in a group of 1,005 young people 6-24 years of age from 60 U.S. neighborhoods who had been measured in NHANES II. Exposure was characterized based on average local ozone concentrations in the 12 months preceding the lung function assessment. Significant associations were also observed with NO2 and total suspended particulate matter concentrations in that study. In a pilot study, Kinney et al. (12) studied associations between lung function and prior residence in high ozone areas among 136 students 17-22 years of age at the U.S. Military Academy at West Point, New York. Mean levels of adjusted FVC and FEVI were lower in subjects with histories of long-term exposure to high ozone concentrations. In a more recent pilot study, Kuenzli and associates (13) studied lung function in relation to lifetime ozone exposure estimates in a group of 130 freshman students at the University of California at Berkeley (Berkeley, CA). Subjects had lived their entire lives in either the Los Angeles (high ozone) or San Francisco (low ozone) areas. Individual ozone exposure estimates were derived for each subject residence for each month from birth until the time of the study by interpolating data from extensive ozone monitoring network. In multivariate linear regression models, decreases in lung function parameters related to small airway caliber (i.e., and FEF75) were observed in association with elevated lifetime ozone exposures. Taken together with the results of the present paper, these findings suggest that respiratory effects of long-term ozone may be observable in young adult subjects. As noted, studies in this age group possess several advantages, the most important being the ability to account for long-term exposure using the extensive U.S. ambient ozone monitoring data available starting in the late 1 970s.
The relationships of ozone with diminished lung function and elevated respiratory symptoms in the present study were stronger for male than for female subjects. Genderspecific results have not been reported in previous long-term ozone epidemiology studies. We speculate that male children may on average receive higher ozone doses at a given ambient ozone concentration as a result of spending more time outdoors in vigorous physical activity.
Long-term ozone exposure was treated as a simple dichotomous variable in the present study. Thus, we made no assumptions nor obtained any results on the shape of the exposure/response functions linking respiratory status and ozone exposure. The effect of our decision to use ozone as a dichotomous variable rather than a continuous variable on the regression is not known. However, given the skewed nature of the distribution of long-term ozone concentrations and the fact that a large fraction (43%) of the subjects we studied had lived in only one residence (and 86% had three or fewer residences), we believe that the simple dichotomization of exposure used here likely provided a valid ordering of long-term ozone exposures for these subjects. A more thorough exposure assessment would assign concentrations by interpolation to each subject's residence and then cumulate concentrations over residences to derive individual long-term estimates (13) . This method would also make it possible to explore the impact of age-specific exposures. We intend to implement and compare this approach in the analysis of the full study data set using interpolation methods developed recently (1] A.
Subjects were assigned to the high-exposure category if they had lived at least 4 years in a U.S. county with 10-year summer month average ambient concentrations above the 95th percentile of the U.S. distribution. Monitoring sites within counties were averaged. This approach was chosen for ease of implementation in a preliminary analysis. However, the method ignores possible geographic variations in both ozone concentrations and residential locations within counties. To the extent that such variations exist, exposure assignments in the present study may have been misclassified, which would typically bias effect estimates towards the null.
Like most previous epidemiology studies of long-term ozone, the present analysis assessed exposure using outdoor ozone monitoring data and did not account for factors that modify individual ozone dose, such as indoor penetration fraction, hours spent outdoors, and levels of outdoor physical activity. Our 
